Exhaust Gas Energy Recovery Via Electric Turbocompounding  by Mamat, A.M.I Bin et al.
1876-6102 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Applied Energy Innovation Institute
doi: 10.1016/j.egypro.2015.07.336 
 Energy Procedia  75 ( 2015 )  1555 – 1559 
ScienceDirect

International Conference of Applied Energy 2015

	0#


<<
#('.9<<,.#(4=).-9<<"#)(!9<$))9#')(.,)0#99<)'!()&#

/&.3) "(#&(!#(,#(!9(#0,-#.#"()&)!#9HDHID9&3-#
*,.'(.) "(#&(!#(,#(!9
'*,#&)&&!)()(9KG9
(., ),)1,)(,(-*),.9(#0,-#.#%()&)!#&3-#9LEGED9&3-#
),-,"(.,96-., &.,--9FDD9IFDKF9"(9,'(3
/&.3) "(#&(,)-*(!#(,#(!9(3(!"()&)!#&(#0,-#.39JGMKML9#(!*),
),,-*)(#(!/."),;;OJI=JKMDIMHE2;OJI=JKMEMJMD'#&;<,)'!()&#C(./</<-!


"#-**,*,-(.- ."0&)*'(.) "#!"*, ),'()1,--/,/,#(  ),
./,))'*)/(#(!**&#.#)(-#()1(-#4!-)&#((!#(-<"1--#!(.) #&&."
2#-.#(!."()&)!3!*1",())'',#&&30#&&./,#(-()*,.  .#0&3.&)1
*,--/,,.#)->E<DI=E<G?9 #(),,.),#0-'&&&.,#!(,.),1#.")(.#(/)/-*)1,
)/.*/.) E<D%<"(1&3-#!(1-.-.#(!-.-.-.((#.-#'*.)(,%
*# #/&)(-/'*.#)(1-----1#.")((!#(.-.#(!,,#)/.)(E<D)))-.
!-)&#((!#(<
/ 


,(-*),. -.), )/(.-  ), '), ."( FIN )  ." (,!3 ,&. F '#--#)(-
1),&1#< 3&), . &< @EA *,)*)-  )/, -.,.!#- .". (  )*. #( ,)(#4#(!
#(.,(& )'/-.#)( (!#(- >
?< " -.,.!#- #(&/; >#? ( ),#(! -.,#. '#--#)(-
&!#-&.#)(()(.,)&9>##?/-#(!-/-.#(& /&-9>###?,/#(! /&)(-/'*.#)((>#0?/-#(!
("( (,!3 -0#(! )(*.-< /,,(.&39 '(3 &!#-&.),- "0 -.,. .) #'*&'(.
-.,#(!(.'#--#)(,!/&.#)(-3#(.,)/#(!0"#&.2.#)(-"'-(!,(4)(,-#(
),, .) )(.,)& ." ,)( '#--#)( &0&- #( /,( ,-< -*#. *,)0##(! ( #''#.
( #.#(.,'-) #,+/&#.39-/",-.,#.#0-)&/.#)(-(.)-/**),.1#."&)(!=.,'
*&( .) #'*,)0 *)1,.,#( -3-.'- ( .", ), ,/ ,)( '#--#)(-< 	3,# (  /&&
&.,#0"#&-,*,-(.0#&-)&/.#)(#(.".,(-*),..#)(-.),:")10, /&&-1#."=
)0, ,)'
-1#&&.%.#'<"/-9#(0-.'(.#(.)2"/-.(,!3,)0,3)/&-(-#&
-"),..)'#/'.,'-)&/.#)(<
/,,(.."(#+/-.),)0,2"/-.!-(,!3#(."/.)').#0-.),(#0#
#(.)9,!(#(%#(3&@F=GA9.",')&.,#!(,.#)(@H=IA(./,))'*)/(#(!@J=KA<
"#-**,*,-(.-."0&)*'(.) ()0&)1,--/,/,#(>? ),(!#(2"/-.
(,!3,)0,30#&.,#./,))'*)/(#(!<
0 !$*"($*"$	*")!%+""%&!!
" (,!3 #( ." 2"/-.  ., #(! 2*( #( ." ./,)",!, (   /,.",
,)0,3#(!)1(-.,'*)1, ./,#()((..)(&.,#!(,.),>&.,#
./,))'*)/(#(!?<	)10,9."*,-() (#.#)(&./,#(#(."(!#(2"/-.9.-
-  ,-.,#.), 1"#" #'*)-- #.#)(& %=*,--/,E< 	#!", 2"/-. %=*,--/,
),,-*)(-.)"#!", /&)(-/'*.#)( ),((!#(&#0,#(!."-',%*)1,<	(

1# 
	#   $!$ 
# $
Available online at www.sciencedirect.com
1556   A.M.I. Bin Mamat et al. /  Energy Procedia  75 ( 2015 )  1555 – 1559 
." "&&(! #( ." 0&)*'(. )  ./,))'*)/(#(! -)&/.#)(- #- .". )  '#(#'#4#(! ."
#'*.) %=*,--/,9(."/-#'*,)0#(!,%*# #/&)(-/'*.#)(>?F<
" -./3 (0&)*'(. )  ( &.,# ./,))'*)/(#(!1- ,,# )/. 3 /-#(! 
),E<D)))-.!-)&#((!#(-, ,(*&. ),'@LA<-*,.) ."	3))-.*,)$.G9
 &)1*,--/,./,#(>*,.) (&.,#./,))'*)/(#(!?1--#!((.-.)((
(!#(< " -#!( ,+/#,'(.-  ), ." &)1 *,--/, ./,#( 1, .")- )  &#0,#(!
)(.#(/)/- *)1, )/.*/. )  E<D % . )(-.(. ,)..#)(& -* )  IDDDD ,*'< "#- #-
*,.#/&,&3 "&&(!#(! -#( ." 0#&& 2"/-. !- *,--/, ,.#)  ., ." '#(
./,)",!,#-+/#.&)1>≈E<DI=E<G?."/- ),#(!.".))*,..0,3&)1*,--/,
,.#)-<-)(E=(!#(-#'/&.#)((&3-#-9."-#!(*,--/,,.#)1- #(&&3-..E<E
>≈E<E?91#.".,!.  ##(3!,.,."(KDN<
1 ")$%%'$'$!%!
*,).).3* ),."1--#!((.-..."
'*,#&)&&!)()()&= &)1
.-.  #&#.3< " ./,#( 1"& 1- ' )  &/'#(#/' &=6082 with 1.6μm surface finish 
1",- ." ./,#(0)&/.1-') *)&3,)(.'.,#&<"*, ),'()  ."
1- .-.  ),  -. )   #0#  ,(. )(-.(. -* &#(- -*((#(!  ,)'LDN .)EFDN )  ."
-#!(-*<")/.)'-) ."2*,#'(.&,-/&.-,,*),.#(#!-<E>?(>?<,)'
#!<E>?#.(-(."..")*.#'/')*,.#(!)(#.#)(- ),.")/,#('/"&)1,
*,--/,,.#)9)'*,.))(0(.#)(&./,#(<),*,--/,,.#)) PR ≈ 1.119 ."
./,#(  ##(3#-K%) KI<LN<)(.,,#&39)(0(.#)(&*)1,./,#(-1)/&)*,.#(!.
&--."(HDN  ##(3<
  
)* )*
,/,)'*,#-)() >?.).&=.)=-..#  ##(39K%(>?--&)1,'.,9
.1(()(0(.#)(&/,#(
2 


2,/ !!%&&*!&#'%&"!*%& 
"1-#(-.&&)(),E<D)))-.!-)&#((!#((.-..#,)*&9
"),"' "(#& (.,< " (!#( .-.  #&#.3 #- +/#** 1#." ( 3 /,,(.
3(')'., .3* 3(-G< .3 -.. (!#( .-. 1- ,,# )/. 1#." ( 1#.")/. ."
./,))'*)/(#(!/(#.<

2=  )=*!$" &
3$% 
0<
20<
40<
60<
80<
100<
1&00 1&10 1&20 1&30 1&40 1&50


%
%





!
(ƞ
%
)

 +
,
60<! 70<(!
80<(! 1206'-0&5
1357'-0&5 1507'-0&5
D<D
E<D
F<D
G<D
H<D
1&00 1&20 1&40
	



 






"(


*#
. 
$

)


 +
,
60<! 70<(!
80<(! 1206'-0&5
1357'-0&5 1507'-0&5
#0&00001
 A.M.I. Bin Mamat et al. /  Energy Procedia  75 ( 2015 )  1555 – 1559 1557
>?      >?
  >?>?
,0,-.–-.
'*.) /,))'*)/(#(!)((!#(
2,0 %'&%!%'%%"!
"E<D)))-.!-)&#((!#(1-.-..-.3=-..)*,.#)( ),(!#(-*-
!)#(! ,)'EDDD,*'.)HDDD,*'. /&&&)(*,.&))(#.#)(-<"*)1,!(,.3
."#-*,)*),.#)(&.) ."2"/-.!-  &)1,.<"#'*.)  ."#(-.&&.#)()(."
(!#( #- (&3- 3 )'*,#(! ." ')/(. )  ,)0, (,!3 3 ."  .) ." -&#(
(!#( ,% *)1,< 3 #(#.#)(9 ." (!#( ,% *)1,9 ሶܹ ௕௥9 !#0( #( +/.#)( >E?9 #- ."
*,)/.) .",%.),+/9W((!#(-*9<
ࢃሶ ࢈࢘ ൌ ૛࣊࢔ ൈ ࣎         -/.

( ),, .) ---- ." #'*. )  ." 9 ." (!#( .).& ,% *)1,9 ሶܹ ௕௥Ǥ்ǡ௅௉்1-
&/&. - ." -/' )  ." (!#( ,% *)1,9 ሶܹ ௕௥ǡ௅௉் ( ."  *)1,9 ሶܹ ௅௉் >."/-
--/'#(!.".EDDN) .",)0,(,!31-,./,(#(.)."(!#(?;
ࢃሶ ࢈࢘ǡࢀǡࡸࡼࢀ ൌ ࢃሶ ࢈࢘ǡࡸࡼࢀ ൅ࢃሶ ࡸࡼࢀ         -0.
"#-1-)'*,1#."."(!#(,%*)1,> ሶܹ ௕௥ǡ௕௔௦௘௟௜௡௘?3'(-) ."
<1)0&/- ),."1,.", ),&/&. ),.".1))( #!/,.#)(-;
(3<
2<
7<
12<
17<
22<
27<
32<
0&20
0&25
0&30
0&35
0&40
0&45
0&50
0&55
0&60
0&0 0&2 0&4 0&6 0&8 1&0 ''





&
$

$
'
"
+.**
  
	  

(2<
0<
2<
4<
6<
8<
10<
12<
14<
0&20
0&23
0&25
0&28
0&30
0&33
0&35
0&38
0&40
0&0 0&2 0&4 0&6 0&8 1&0
''





&
$

#
'
"
,***
  
	  

(3<
0<
3<
6<
9<
12<
15<
18<
21<
0&20
0&25
0&30
0&35
0&40
0&45
0&50
0&55
0&60
0&0 0&2 0&4 0&6 0&8 1&0
''





&
$

#
'
"
,.**
  
	  

(3&0<
(2&5<
(2&0<
(1&5<
(1&0<
(0&5<
0&0<
0&5<
1&0<
1&5<
2&0<
0&20
0&21
0&22
0&23
0&24
0&25
0&26
0&27
0&28
0&29
0&30
0&0 0&2 0&4 0&6 0&8 1&0
''




&

$

#
'
"
-***
  
	  
Δ%BSFC Δ%BSFC
Δ%BSFC Δ%BSFC
1558   A.M.I. Bin Mamat et al. /  Energy Procedia  75 ( 2015 )  1555 – 1559 
࡮ࡿࡲ࡯ࢀǡࡸࡼࢀ ൌ ࡲࡲࡾࢃሶ ࢈࢘ǡࡸࡼࢀ          -1.
࡮ࡿࡲ࡯࢈ࢇ࢙ࢋ࢒࢏࢔ࢋ ൌ ࡲࡲࡾࢃሶ ࢈࢘ǡ࢈ࢇ࢙ࢋ࢒࢏࢔ࢋ         -2.

(),,.)..,----."./,#(*)1,)/.*/.1#.",-*.#.-#'*.)((!#(
)*,.#(!)(#.#)(-9*,'.,&&).#)9#-#(.,)/<"#-#-!#0(#(+/.#)(
>I?(#.#- #(-.",.#).1(.",%.),+/.*,.&)9W$	(.",%.),+/
./&&)9W	<
ࡸࡾ ൌ ࣎ࡼǤࡸ࣎ࡲࡸ           -3.
#!/,-F>?.)>?-")1."  .) .")(."(!#(<" #!/,-)'*,
."*, ),'() .".1)(!#()( #!/,.#)(->1#."(1#.")/.?. /&& &)(*,.
&))(#.#)(-<-!(,& .,(9 #. (-( .". .",--- ."(!#( &)
,.#) #(,--< ."(,"-'#(#'/'0&/( ."( #(,--."#!",(!#( &)
,.#)<
.(().#."..&)1,(!#(&)91",."')/(.) ."2"/-.!--#-&)19
-'&&,')/(.) (,!3#-,)0,9 ."/-." low ∆%BSFC<	)10,9--))(-."(!#(
&)#(,--9.",/.#)(#(."#-'),**,(.<"'2#'/',/.#)(#() 
F<JN1- )/(. /&&&)(!#(-* ),FIDD,*'<."#!",&),.#)-9&.")/!"2"/-.
!-- , . "#!", *,--/, ( .'*,./,9 ."  -.!. #- '), )*( #( ),, .)
)/(.,. ." #(,- #( ." %=*,--/, ( .", ), ." ,/.#)( #(  #- &--
-#!(# #(.<
3 
" /."),- 1)/& &#% .) %()1&! #,) *&9 9 ), 9 &)9 &< "#-
)(-),.#/'&)(!1#."
'*,#&)&&!(#,)*&,*,.) ."	3))-.*,)$.9 /(
*,)!,'3>"()&)!3.,.!3),?1")--/**),.(()/,!'(. #-!,. /&&3
%()1&!<"/."),-1)/&&-) &#%.)."(%(#0,-#.#%()&)!#>#? ), #.-
 #((#& /(#(! ),." #,-./."),<
4 

" **, -,#- ." -#!(9 0&)*'(. ( )( (!#( .-.#(! )   )1 ,--/,
/,#( >?  ), ./,))'*)/(#(! **&#.#)(-< "  1- -#!(  ),  0,3 &)1
*,--/, ,.#) ,!#)( #( ),, .) ,/ ." #'*. )  %=*,--/, )((!#( *, ),'(<
"  -.3 -.. ./,#( .-.#(! 1- )(/. . ." 
'*,#& )&&! .-.  #&#.3< "
.-.#(!1-)(/.. #0#  ,(.-*->LDN.)EFDN) ."-#!(-*?<-.,-/&.-
-")1.".'2#'/'.).&=.)=-..#  ##(39K%of 75.8% at Pressure Ratio, PR ≈ 1.11)/&
"#0<
(!#(.-.#(!1#."."1,,,#)/.)(),E<D)))-.!-)&#((!#(<"
(!#( 1- .-.  ),  ,(! )  -*- -*((#(!  ,)' EDDD ,*' .) HDDD ,*'< -. ,-/&.-
-")1 .".  '2#'/'  ,/.#)( )  F<J N )/&  "#0 . ( (!#( -* ) 
FIDD,*'<


@EA 3&),9<<<<9 B#(,0#1) #(.,(&)'/-.#)((!#(-9B""9)&<
GJ9)<EF9FDDL9**<HJIK=HJJK<
@FA ,$)&9<9B&.,##.3 ,)'#(/-.,#&1-."./-#(!"#!"=-*),!(#(%#(3&
>?9B9)&<HE9)<E5G9EMMI9**<FFK=
FGI<
 A.M.I. Bin Mamat et al. /  Energy Procedia  75 ( 2015 )  1555 – 1559 1559
@GA ,#(#0-(9<<9!)9<<9(,#-"((9<<9B(&3-#-) 2"/-.1-.".,)0,3
 ,)'/&  /& &)1.'*,./,)'/-.#)((!#(/-#(!(,!(#(%#(3&9B
"9)&<GI9)<J9FDED9**<FGLK=FGMM<
@HA /9 < ("/9 <<9  B",')&.,# /.)').#01-. ". (,!3 ,)0,3 /-#(!
'2#'/' *)1, *)#(. .,%#(!9B "   
9 )&< ID9 )< J9
FDDM9**<EIDJ=EIEF<
@IA .,-)(9 <9  B" 2#'/' )1, *,.#(! )#(.  ),  )'/-.#)(=,#0(
",')&.,# )(0,., #." 	. #,/&.#)(9B     
 9)&<EFM9)<H9FDDK<
@JA 	)*'((9<(&!,#(9<<9 B#-&(!#(&.,#/,))'*)/("()&)!39B
"#!9*,);FDDG=DE=FFMH9

(.,(.#)(&9,,(&99FDDG<
@KA ,#"9 <9 ,.#(4=).-9 <9 )'!()&#9 <9 -#,##-9 <9 B #& 	3,##4.#)( 0#
&.,# #.#)( )  ." #, 3-.'; &.,#&&3 --#-. ( ,#& )'.,3
/,)",!#(! 
'*. )( (   =) #-& (!#(B9 $ $    EGJ>G?9
DGEKDG>DF9FDEG?
@LA #(!<<9	(3<<9)1,<9%-)(<<91(<<91,<<9,-,<<9),,#-<<9&),<
<9 "(!< <9 ),!-=&$)< ,#&< <9 “HyBoost –  "  
downsized gasoline engine concept”, ,)#(!- )  ." 
(-.#./.#)( )  "(#&
(!#(,-;ED."
(.,(.#)(&)( ,() /,)",!,-(/,)",!#(!9**<G=EH9
FDEF<














